In this study, an up-flow anaerobic biofilter (AF) was operated to investigate the efficiency of anaerobic ammonium oxidation (ANAMMOX) in treating low strength ammonia (46.5 mg/L) at ambient temperatures (20.3-23.2 W C). Microbial compositions and functional populations of the upper (140-190 cm), middle (40-140 cm), and lower (0-40 cm) parts of the biofilter were monitored using scanning electron microscopy, denaturing gradient gel electrophoresis (DGGE), clone and sequence. The results show that stable biofilter performance was achieved with an average nitrogen removal rate of 2.26 kg/(m 3 ·d) and a total nitrogen removal efficiency of 75.9%. Approximately 67% of the ammonia and nitrite disappeared in the middle part of the biofilter. The spherical bacteria, similar to ANAMMOX bacteria, dominated the middle part of the biofilter. There were eight bacterial DGGE bands; clone and sequence results showed that they included Oxalicibacterium sp., Ignavibacterium album, Bacterium rJ15, Candidatus Kuenenia stuttgartiensis, Hippea maritima, Thioprofundum lithotrophica, and Rhodopseudomonas palustris. The genus of ANAMMOX bacterium remaining at constant levels in different parts of the biofilter was identified as Candidatus Kuenenia stuttgartiensis. The AF bioreactor maintained high activity due to the ANAMMOX bacteria's ability to adapt to ambient temperature and low matrix influent conditions. Key words | anaerobic ammonium oxidation (ANAMMOX), biofilter, DGGE, functional bacteria, nitrogen removal 476 by guest T. Zeng et al. | Nitrogen removal and functional bacteria distribution of ANAMMOX at ambient temperature Journal of Water Reuse and Desalination | 06.4 | 2016
INTRODUCTION
Removing nitrogen from wastewater is critical to prevent eutrophication in receiving water bodies. Compared with conventional nitrification/denitrification processes for nitrogen removal, the anaerobic ammonium-oxidizing (ANAMMOX) process is a promising new and sustainable technology (Laureni et al. ) . Under anoxic conditions, ammonium and nitrite are converted to dinitrogen gas (N 2 ) using autotrophic ANAMMOX bacteria (Jetten et al. ) . This process could reduce aeration energy consumption by 50%, requiring less biomass production and avoiding organic matter consumption (Perez et al. ) . Thus, applying this technology could result in energy-saving wastewater treatment plants (WWTP), rather than the current energy-consuming types. 
MATERIALS AND METHODS

Experimental setup and operational strategy
An up-flow anaerobic biofilter (AF), with a volume of 45 L, an internal diameter of 18.5 cm, and height of 200 cm, was used as an ANAMMOX reactor. An outlet was set at every 10 cm to collect effluent in the biofilter (Figure 1) . Table 1 presents the characteristics of the volcanic stone used as carriers. 
Analytical methods
Effluent samples were collected from every outlet for chemical analysis. NH 4 þ -N, NO 2 À -N, and NO 3 --N were measured every day using Standard Methods (APHA ). Temperature, pH, and dissolved oxygen (DO) were measured using a WTW pH/DO meter (WTW Multi 340i, Germany). The nitrogen removal efficiency (NRE) was calculated as (N in À N out ), where N in and N out represent the nitrogen concentrations (mg/L) of the influents and effluents, respectively. Volcanic stone 4-6 11.3 0.82 × 10 3 1.6 × 10 3 62.5 The nitrogen removal rate (NRR) (kg N•m À3 •day À1 ) was calculated as the daily nitrogen load removed (NLR) (daily flow rate × (N in À N out )) per reactor unit volume. Biofilm samples were collected from the reactor's upper, middle, and lower parts for SEM and microbial population analysis.
Sampling and SEM
Volcanic filter samples were collected during reactor oper- 
RESULTS AND DISCUSSION
ANAMMOX performance of biofilter
Biofilter performance was monitored for 49 days, with a con- In addition, during days 1-29, the average NLR and NRR were 2.49 kg/(m 3 ·d) and 2.02 kg/(m 3 ·d), respectively.
However, during days 29-49, average NLR and NRR increased to 3.93 kg/(m 3 ·d) and 2.92 kg/(m 3 ·d), respectively.
There was a jump in the NLR and NRR at day 29, which was due to HRT decreasing from 1.1 to 0.8h.
ANAMMOX may be present in the biofilter for two reasons. First, the volcanic stone carriers may store ANAMMOX bacteria due to their high biological retention capacity, avoiding the impact of a high hydraulic load.
Second, the genus of ANAMMOX bacteria could adapt to low substrate conditions after being domesticated, contributing to nitrogen removal in the biofilter. This indicates that ANAMMOX bacteria can effectively remove nitrogen from low strength wastewater at ambient temperature. Figure 3 shows the results of effluent sampling from the outlet, and the layer-specific nitrogen removal performance.
Ammonia and nitrite decreased proportionally with the chemical stoichiometry, indicating that the ANAMMOX process ran well in the biofilter. Total ammonia and nitrite removal efficiencies were 97.8% and 100%, respectively. Total nitrogen removal efficiency and total nitrogen removal rate were 89.3% and 2.5 kg/(m 3 ·d), respectively. In the lower part of the biofilter (0-40 cm), TN removal of 25.1% was achieved.
In the middle part of the biofilter (40-140 cm), 67% of the TN disappeared, indicating that most of the ANAMMOX bacteria were located in this part. These results indicated that there was more activity in the middle part than that of the low part. It is probably due to a little DO in the synthetic influent, which could inhibit the ANAMMOX bacteria activity, as no inert gas was added for crowding out DO. Only 3% of the TN disappeared after a height of 150 cm, which therefore defines a reasonable biofilter height to conserve consumption. The eight distinct bands of bacterial DGGE were carefully excised for cloning and sequencing. The nucleotide sequences were compared to available sequences in Gen-Bank database using BLASTN; Table 3 shows the results. 
